only two members of the genus, P. aeruginosa and P. fluorescens. It appears that the various strains of P. aeruginosa and P. fluorescens are antigenically heterogeneous (Heller and Lepere, 1913; Plehn and Trommsdorf, 1916; Trommsdorf, 1916;  Aoki, 1926;  Kanzaki, 1934a,b;  Elrod and Braun, 1942;  Gaby, 1946; Mayr-Harting, 1948) . Some workers, however, have found the former organism to be serologically homogeneous (Meader, 1924; Meader et al., 1925) . Harris (1940) found that 21 monotrichic strains of the genus Pseudomonas were serologically homogeneous in the Dawson "S" phase, but not in the Dawson "M" phase.
Only a few reports dealing with serological studies of members of the genus other than P. aeruginosa and P. fluorescens have been found (Plehn and Trommsdorf, 1916; Paine and Lacey, 1923; Horgan, 1931; von Pliszka, 1939) . These studies have revealed that these organisms too are antigenically heterogeneous. Apparently no serological studies have been made on many members of the Pseudomonas genus. We, therefore, undertook to make a serological study of a group of representative members of this genus, in order to determine whether there were sufficient serological differences among the species of the genus to facilitate their identification and classification.
MATERIALS AND METHODS
Cultures. Four strains (DE, p, MM, and H) were isolated from animal sources during the course of this study; the three strains of Pseudomonas caviae, one of P. aeruginosa (Pa), and two of P. fluorescens (W and Pf) were obtained from the stock culture collection of the Department of Bacteriology at the University of Kentucky; the remainder (17 strains) were obtained from the American Type Culture Collection. To make certain that, as far as possible, only actively motile strains would be used, all strains were subjected to serial transfer on semisolid infusion agar plates. The initial plates were inoculated by touching the surface of the agar, close to the edge of the petri plate, with a loopful of a 24-hour broth culture. The plates were incubated in an upright position for 24 hours, and then transfers were made to subsequent plates from the growth on the side of a plate opposite to that which had been inoculated. Final inoculations were made into tubes of infusion broth, which, after 24 hours' incubation, were examined for motility by means of hanging drop preparations. By this method it was possible to obtain motile strains from all cultures except one of P. aeruginosa (4882) and the culture of Pseudomonas pavonacea.
The stock cultures were kept at -1 to 0 C in brain heart infusion broth (Difco) to which 0.3 per cent agar had been added. They were transferred every month. When the cultures were needed for study, they were streaked on nutrient agar plates and transfers were made from isolated typical colonies to nutrient agar slants.
Flagellation. Gray's (1926) method for the staining of flagella was employed.
its color upon neutralization of the acid. Pyocyanin was detected by a blue color in the chloroform layer obtained by the extraction of peptone water cultures, as recommended by Gessard (1920) .
Biochemical reactions. Ammonia production was tested for by means of Hansen's reagent using 48-hour Dunham's peptone solution cultures. The production of hydrogen sulfide was also tested for in the same medium using lead acetate paper as an indicator. Gelatin liquefaction was studied in 12 per cent aqueous gelatin, the cultures being observed for 30 days. Nitrate broth was used to study the reduction of nitrates. Indole production was tested for by Gnezda's method, using 1 per cent tryptone solution cultures incubated for 72 hours. Kovac's reagent was also used as a check. All results were identical. The litmus milk cultures were observed for 2 weeks.
The fermentation of carbohydrates was determined by the use of a synthetic medium containing the carbohydrate as a sole source of carbon (Stein, 1942) . Bromcresol purple was used as an indicator for the production of acid. The cultures were observed for a period of 4 weeks.
Serological methods. The methods used in this study were, with slight modifications, those used by Edwards and Bruner (1942) The rabbits were each injected intravenously with 4 increasing doses (0.5, 1.0, 2.0, and 3.0 ml) of the formalinized antigen at 4-day intervals. Usually this series of injections stimulated the production of antisera with satisfactory titers. In a few cases, however, a fifth injection with 5 ml of the antigen was required. The rabbits were bled from the heart on the fifth day after the last injection.
The sera were preserved by the addition of equal volumes of glycerol and stored in the refrigerator until needed. With the 13 antisera thus obtained, all our motile strains of Pseudomonaw were tested for flagellar agglutination. All the strains, except the two of P. graveolens, 4683 and 4684, the two of P. milenbergii, 598 and 795, and one of P. mucidolens, 4687, which gave granular suspensions unsuitable for somatic agglutination tests, were also tested for somatic agglutination.
The antigens used for the flagellar agglutinations were prepared in exactly the same manner as the antigens used for the immunization of rabbits. These antigens were tested against serial dilutions of the different antisera. The tubes 1949] were incubated for 1 hour at 50 to 55 C before the final observations were made. The somatic antigens were prepared by the method described by White (1926) . This method consisted in suspending the growth from an agar slant culture in 1.0 ml of absolute alcohol and heating it to 60 C for 1 hour. The organisms were sedimented by centrifugation, the alcohol was decanted, and the cells were dried and resuspended in 0.5 ml of normal saline. These somatic antigens were then diluted further with saline before the agglutination tests were made. Preliminary macroscopical slide agglutination tests were conducted with the somatic antigens against each antiserum that had been prepared. The dilution of each antiserum that gave the most complete slide agglutination in 30 seconds with the homologous somatic antigen was used in these slide tests. The organisms that were found to agglutinate by this method were then tested by the tube agglutination technique, using serial dilutions of the antisera. The tubes in this test were incubated for 2 hours at 50 to 55 C and were left at room temperature overnight before the final observations were made.
With the strains for which antisera were prepared that were found to crossagglutinate, mirror absorption tests were conducted to find if they were serologically identical. The agglutinin absorption technique used was that described by Edwards and Bruner (1942) .
RESULTS
The results of the morphological and biochemical studies are given in The strains of P. eaviae were identical in their morphological and biochemical characteristics and differed sufficiently in these respects from all other strains of Pseudomonas to constitute a distinct group. The species P. caviae, P. fragi, P. graveolens, P. mucidolens, and P. pavonacea differed in their morphological and biochemical characteristics from all the other species studied, and from one another.
P. fluorescens, P. mildenbergii, P. ovalis, and P. putida had substantially the same morphological and biochemical characteristics, a fact which would preclude the possibility of differentiating these species from one another by these characteristics.
The results of the flagellar agglutination tests are given in countered, except for a weak flagellar agglutination of P. putida by the antiserum prepared against strain MM.
The two members of the first group of P. aeruginosa strains for which antisera were prepared (256 and DE) were found to be serologically different since they failed to cross-absorb the agglutinins completely from their antisera. The three strains of the second group (p, MM, and H) were found to be serologically identical.
The lophotrichic strain, Pa, which has the same biochemical characteristics as these monotrichic strains, shows some serological relationship to group I. It gave as strong flagellar agglutination with the antisera for strains 256 and DE as did the other members of the group. It did not, however, give any somatic agglutination with these antisera, and its own antiserum was specific.
The nonmotile strain 4882, which was received as P. aeruginosa but which differed in practically all respects from the other strains of this genus, was not The sign (-) indicates no agglutination in a dilution of 1/100. * Numbers express the inverse in hundreds of the highest dilution at which agglutination occurred.
agglutinated by any of the 13 antisera in the macroscopical slide agglutination tests.
Of the five species (P. cauiae, P. fragi, P. graveolens, P. mucidolers, and P. pavonacea) that differed in their morphological and biochemical characteristics from all the other species studied and from one another, three (P. caviae, P. fragi, and P. graveolers) showed no cross agglutination with any of the other species or with one another. The fourth species of this group, P. mucidolens, for which no antiserum had been prepared, gave no flagellar agglutination with any of the 13 antisera. One of the three strains of this species (4685) gave somatic agglutination with a 1:25 dilution of antiserum MM, a dilution considered to be too low to be indicative of a definite somatic relationship to the P. aeruginosa type of organisms. The fifth species in this group, P. pavonacea (a nonmotile strain), gave no somatic agglutination with any of the 13 antisera.
The four species, P. fluorescens, P. mildenbergii, P. ovalis, and P. putida, that have substantially the same morphological and biochemical characteristics but differ in these respects from all the other strains showed no serological relation- ship to one another nor to any of the other strains, except for the agglutination of P. putida in the antiserum prepared against strain MM of the P. aeruginosa group.
The two strains of P. fluorescens for which antisera were prepared cross-agglutinated and, in addition, their antisera agglutinated the third strain of this species both in the flagellar and somatic agglutination tests. Furthermore, complete reciprocal absorption resulted between the first two strains (Pf and W).
The two strains of P. mildenbergii (598 and 795) were both agglutinated in high dilutions by the antiserum prepared against one of them (598). This antiserum did not agglutinate any of the other strains of Pseudomonas tested.
The antiserum prepared against P. ovalis produced no flagellar or somatic agglutination with any of the other strains, nor was this organism agglutinated by any of the other antisera employed in this study.
DISCUSSION
Our results indicate that the different members of the Pseudomonas genus that we studied are serologically specific. We do not mean to imply that all the strains of a given species are identical. Our study was limited to only a few strains of each species and in some cases to only one. The P. aerginosa strains comprised at least two distinct serological groups. The heterogeneity of this organism had been observed previously by various workers (Aoki, 1926;  Kanzaki, 1934a,b; Harris, 1940; Elrod and Braun, 1942; Mayr-Harting, 1948;  and others).
Recently, Gaby (1946) Mayr-Harting (1948) , on the other hand, found that a serum which she prepared from a strain that grew in blue-green colonies with iridescent spots and one which she prepared from a matt yellow strain gave strong cross reactions and agglutinated 60 strains of "Ps. pyocyanea" to approximately the same titer, regardless of the colony types produced by these strains. Unfortunately, in our study the type of colony was not taken into consideration. However, we noted no marked differences in colony type among our recently isolated cultures of P. aeruginosa.
We found no serological relationships among the different members of the Pseudomonas genus that we studied. Hence these organisms could be sharply separated by serological means alone even when the morphological and biochemical characteristics were almost identical.
SUMMARY AND CONCLUSIONS
A study has been made of a representative group of strains of Pseudomonas to determine whether there is any serological relationship among strains of this genus. The most significant findings that this study has yielded follow:
A group of monotrichic strains that had the morphological and biochemical characteristics of P. aeruginosa could be differentiated into two distinct serological groups, one of which was homogeneous and the other heterogeneous. A lophotrichic strain that had the same biochemical characteristics showed a strong flagellar relationship to the heterogeneous group. P. caviae, P. fragi, P. graveolens, P. mucidolens, and P. pavonacea, species that are readily differentiated by their biochemical characteristics, could also be differentiated serologically.
P. fluorescens, P. mildenbergii, P. ovalis, and P. putida, species that cannot be satisfactorily differentiated by means of their biochemical characteristics, could be very easily differentiated by serological means.
It may be concluded that serological reactions, in addition to morphological and biochemical characteristics, are essential for the identification and classification of various members of the Pseudomonas genus.
